Effects of hyperthermia and tumour necrosis factor on inflammatory cytokine secretion and procoagulant activity in endothelial cells.
The application of hyperthermia (HT) and tumour necrosis factor alpha (TNF) in isolation perfusion of the limb or liver results in regression of advanced cancers confined to these regions of the body in most patients and are thought to exert anti-tumour effects primarily on tumour neovasculature. However, the individual contribution of either treatment factor on endothelial cells (EC) are not known. In this study, we investigated the in vitro effects of moderate and severe HT on human umbilical vein EC (HUVEC) with and without TNF in clinically relevant doses. HUVEC were exposed to normothermia (37 degrees C) or moderate (39 degrees C) and severe (41 degrees C) HT for 90 or 180 min with or without TNF (1 microg/ml). Cell viability, cytokine secretion (IL-6, IL-8, VEGF, ICAM-1, VCAM-1, RANTES, E-selectin, P-selectin, L-selectin, and PECAM-1), and induction of procoagulant activity as reflected in tissue factor (TF) production were assessed at the end of the treatment period and at several time points thereafter. Neither HT nor TNF exerted significant cytotoxic effects on EC at the doses and temperatures used. HT resulted in increased production of PECAM-1 with little or no additional effect when combined with TNF. TNF caused increased secretion of IL-6, IL-8, ICAM-1, and VCAM-1 with little or no additional effect from HT. Increased E-selectin and RANTES levels were observed with TNF and HT only at 24 h after treatment. HT and TNF had mainly antagonistic effects on VEGF secretion with HT causing primarily decreased production and TNF causing increased VEGF secretion under all temperatures. Most notably, there was a rapid, prolonged and synergistic peak increase in procoagulant activity when TNF and HT were used in combination compared to TNF or HT treatment alone. These results indicate that TNF and HT exert primarily independent effects on inflammatory cytokine production in EC but synergistically increase procoagulant activity as reflected in TF production. These data provide a possible mechanism for the thrombotic effects in tumour neovasculature seen following isolation perfusion with these agents and provide a rationale for their combined use in this treatment setting.